The increased penetration of renewable energy sources in the electrical grid, due to the rapid increase of power demand and the need of diverse energy sources, has made distributed generation (DG) units an essential part of the modern electrical grid. The integration of many DG units in smart grids requires control and coordination between them, and the grid to maximize the benefits of the DG units. Smart grids and modern electronic devices require high standards of power quality, especially voltage quality. In this paper, a new methodology is presented to improve the voltage quality and power factor in smart grids. This method depends on using voltage variation and admittance values as inputs of a controller that controls the reactive power generation in all DG units. The results show that the controller is efficient in improving the voltage quality and power factor. Real data from an electrical network have been used in the simulation model in MATLAB Simulink to test the new approach.
Introduction
Renewable energy sources (RES) especially wind, solar and biomass have become an important part of modern grids, and it is predicted that the number of RES units will increase rapidly within the European Union where, according to [1] , the share of renewable energy sources (RES) will rise substantially, achieving at least 55% of gross final energy consumption in 2050. Further, renewables will account for almost one-third of the total electricity output in the world by 2035 [2] . Thus, a new term was created: distributed generation (DG) or decentralized generation. DG can be defined as on-site generation which is directly connected to the distribution networks in order to support the grid on distribution levels [3] . There are a lot of benefits of DG, such as reducing transmission and distribution costs and increasing the efficiency of energy [4] . Also, DG units play an important role in minimizing pollution, especially CO 2 [5] . Moreover, DG could play a big role in security and emergency energy systems for cities, as mentioned in [6] for Latakia city. In addition, photovoltaic energy systems in homes increases the efficiency of networks both in capital and utilization rates [7] . DG units could also be used to maximize the voltage profile and minimize power loss [8] . These units vary between non-traditional units such as wind turbines, photovoltaic farms, and fuel cells, as well as traditional generators such as micro turbines, therefore, modern grids have become more complex [9] .
All previous research did not take into account the location of the DG which has a valuable impact on the efficiency of the control algorithm in improving the voltage quality. In contrast, the previous research was applied on radial systems, which consist of one power source and many transmissions lines and loads, but real electrical systems have more complex architecture. Mesh grids consist of many power sources, transmission lines, and loads. This type of grid also has some radial parts. In this research, we used both of the voltage deviation values for all grid busbars and the influence of the DG unit location (i.e., admittance matrix). Furthermore, we applied the proposed approach to a mesh grid instead of a radial one.
This paper presents the extension and completion of previous works in the field of voltage var control. Moreover, the new approach involves a new important parameter in the proposed controller which is the admittance value between the DG unit and the busbars in addition to the voltage variations. These two parameters have a significant impact on the reactive power flow and voltage profile. The used data in the simulation model are from a real network. We made different scenarios of loads to test the performance of the model in various cases. In this work, we focus on improving voltage quality by minimizing the long duration variations of voltage and improving power factor to achieve better voltage quality. The model is created using MATLAB Simulink software.
The new technique depends on the admittance's values between DG units and busbars, in addition to the voltage deviation values of busbars as an input of the controller which will control the reactive power generation from all DG units in order to improve the voltage quality and power factor in the grid. In fact, controlling voltage in far busbars is a very hard mission if we do not have close control tools to these busbars. As DG units become an essential part of the smart grid, we can use them as a voltage control tool. DG units could be equipped with full scale converter, so they are capable to generate reactive power separately from active power [31] . Moreover, there is a strong relation between the voltage profile and reactive power. Technically, we will get better a voltage profile when the reactive power is generated closer to the busbars. The admittance values between DG units and busbars give us a very good parameter for how far the DG unit is from the busbars, so we will be able to identify the suitable reactive power which must be generated.
Methodology
In our methodology, we assume that we have a general electrical system, as shown in Figure 1 , which consists of many generators, G1, G2, G3, etc. which feed many loads through transmission lines between busbars. These loads are connected to n busbars. In this electrical system, there are also many DG units equipped with converters. previous research was applied on radial systems, which consist of one power source and many transmissions lines and loads, but real electrical systems have more complex architecture. Mesh grids consist of many power sources, transmission lines, and loads. This type of grid also has some radial parts. In this research, we used both of the voltage deviation values for all grid busbars and the influence of the DG unit location (i.e., admittance matrix). Furthermore, we applied the proposed approach to a mesh grid instead of a radial one. This paper presents the extension and completion of previous works in the field of voltage var control. Moreover, the new approach involves a new important parameter in the proposed controller which is the admittance value between the DG unit and the busbars in addition to the voltage variations. These two parameters have a significant impact on the reactive power flow and voltage profile. The used data in the simulation model are from a real network. We made different scenarios of loads to test the performance of the model in various cases. In this work, we focus on improving voltage quality by minimizing the long duration variations of voltage and improving power factor to achieve better voltage quality. The model is created using MATLAB Simulink software.
In our methodology, we assume that we have a general electrical system, as shown in Figure 1 , which consists of many generators, G1, G2, G3, etc. which feed many loads through transmission lines between busbars. These loads are connected to n busbars. In this electrical system, there are also many DG units equipped with converters. The DG units used in this research are wind farms type 4 [32] , which consist of a permanent magnet synchronous generator PMSG and have a full-scale converter. These wind farms are capable of generating both active and reactive power separately. The structure of the control system is illustrated in Figure 2 . The input signals of the controller are the measured values of voltage and admittance, and the output control signal is Q ref . The DG units used in this research are wind farms type 4 [32] , which consist of a permanent magnet synchronous generator PMSG and have a full-scale converter. These wind farms are capable of generating both active and reactive power separately. The structure of the control system is illustrated in Figure 2 . The input signals of the controller are the measured values of voltage and admittance, and the output control signal is Q . Due to the impedance of transmission lines and load changes, we will not obtain nominal voltage at the busbars and there will be voltage deviations. Therefore, we will assume that voltage values at busbars are , , , … … , voltage deviations are , , , … … and voltage deviations percentages are %, %, %, … … %. The voltage deviation percentage is defined as in the following Equation:
where represents the nominal voltage and represents the measured voltage of busbar . First, we will measure the impedance values Z and, by inverting them (as = ), we can get admittance values between each busbar and the DG units, where for the first busbar the admittance between it and DG units will be , , , … … . These values represent the admittance between busbar 1 and DG unit A, B, C, …, Z respectively, as well as the same for other busbars. So, we will obtain the end result of all admittance values according to the following Equation:
Now, we will identify a new factor which we will call admittance factor . The admittance factor for the first DG unit is:
where k represents DG unit (A, B, C, …, Z). As well as the same for other busbars and DG units. Obviously, the admittance factor will be bigger for the closer DG unit and vice versa. So, we will get the admittance factors matrix as shown in the following Equations: Due to the impedance of transmission lines and load changes, we will not obtain nominal voltage at the busbars and there will be voltage deviations. Therefore, we will assume that voltage values at busbars are V 1 , V 2 , V 3 , . . . . . . V n , voltage deviations are dV 1 , dV 2 , dV 3 , . . . . . . dV n and voltage deviations percentages are dV 1 %, dV 2 %, dV 3 %, . . . . . . dV n %. The voltage deviation percentage is defined as in the following Equation:
where V S represents the nominal voltage and V n represents the measured voltage of busbar n. First, we will measure the impedance values Z and, by inverting them (as Y = 1 Z ), we can get admittance values between each busbar and the DG units, where for the first busbar the admittance between it and DG units will be Y 1A , Y 1B , Y 1C , . . . . . . Y 1Z . These values represent the admittance between busbar 1 and DG unit A, B, C, . . . , Z respectively, as well as the same for other busbars. So, we will obtain the end result of all admittance values according to the following Equation:
Now, we will identify a new factor which we will call admittance factor y . The admittance factor for the first DG unit is:
where k represents DG unit (A, B, C, . . . , Z). As well as the same for other busbars and DG units.
Obviously, the admittance factor will be bigger for the closer DG unit and vice versa. So, we will get the admittance factors matrix as shown in the following Equations:
DG units are equipped with converters so, they are capable of changing the angle between voltage and current consequently the generated reactive power. In smart grids, obtaining a steady and stable voltage with small voltage variation from the nominal voltage is very important, especially for highly sensitive electronic devices. In our methodology, DG units have been controlled to produce reactive power according to the voltage deviations of busbars and the varying admittance factors between busbars and DG units. To compensate for any increase in voltage deviation, we need to increase the generated reactive power. In the same vein, the generated reactive power must come from the closest DG unit which will have the highest value of the impedance factor. For the first busbar, the voltage deviation percentage is dV 1 %-thus, the generated reactive power as a percentage value is given according to the following Equation:
where dV Allowed is the maximum allowed voltage deviation in the electrical grid.
The same was done for other busbars and DG units. Therefore, we obtain the matrix of reactive power percentages for all DG units as shown in the following Equations:
Next, we can find the total reactive power which must be generated by DG units. For the DG unit (A) we find:
where i represents busbar number.
The same applies to other DG units. Therefore, the total needed reactive power for all DG units are obtained by the following Equation:
The generated reactive power as a real value [Var] will be:
where Q TA is the maximum reactive power of the DG unit (A). The same applies as well for other DG units. Therefore, the total required reactive power for all DG units is:
The proposed control algorithm of busbar 1 is shown in Figure 3 :
The proposed control algorithm of busbar 1 is shown in Figure 3 : The proposed control algorithm for the entire system is shown in Figure 4 : The proposed control algorithm for the entire system is shown in Figure 4 : 
Case Study

Mesh Grid
The methodology has been applied to the real electrical system which is shown in Figure 5 . The electrical system consists of the following:
1. Two power sources (G1 and G2) which supply electrical energy to the system through two power transformers 230/66 kV. 
Simulation and Procedures
First, we built the Simulink model of the electrical grid then the Simulink model of the controller that accords to our methodology containing six busbars and three DG units. In order to construct the controller, we needed to measure admittance values and admittance factors because they are constant inputs of the controller. Measuring these values could be done by measuring the impedance between the DG units and busbars and then inverting the impedance value as = and we got these values 
Case Study
Mesh Grid
The methodology has been applied to the real electrical system which is shown in Figure 5 .
The electrical system consists of the following:
1.
Two power sources (G1 and G2) which supply electrical energy to the system through two power transformers 230/66 kV.
2.
Eight transmission lines which form the mesh grid. The length of lines are (L 0−2 = 50 km,
Six power transformers 66/20 kV which supply power to six loads.
4.
Six loads with different values (S 1 = 20 + j6 MVA, S 2 = 22 + j7 MVA, S 3 = 18 + j4 MVA, Tables A1-A3 .
Simulation and Procedures
First, we built the Simulink model of the electrical grid then the Simulink model of the controller that accords to our methodology containing six busbars and three DG units. In order to construct the controller, we needed to measure admittance values and admittance factors because they are constant inputs of the controller. Measuring these values could be done by measuring the impedance between the DG units and busbars and then inverting the impedance value as Y = 1 Z and we got these values from the real grid. Admittance values include transmission lines and transformers. After measuring the admittance values, we can calculate admittance factors using Equation (3). The following constant values have been obtained: 
After building the whole Simulink model, we then divided the results into two groups. The first group was the (Normal) group which operated the model without DG units. The second was the (Controlled DG) group which operated the model after integrating the DG units that were equipped with our controller. Each group was examined under different values of loads using four ascending values of loads as shown in Table 1 . Table 1 . Loads values for all steps.
Load No.
Step 1 (MVA)
Step 2 (MVA)
Step 3 (MVA)
Step 4 (MVA)
Load 1 This controller used voltage deviation and admittance values as input values in order to improve the voltage quality in the network. The obtained results from both groups were compared to specify the proposed controller's capability of improving the voltage quality and power factor of the electrical grid. This controller used voltage deviation and admittance values as input values in order to improve the voltage quality in the network. The obtained results from both groups were compared to specify the proposed controller's capability of improving the voltage quality and power factor of the electrical grid. Figure 6 shows the percentage of voltage deviation for each busbar, 1,2,3,4,5, and 6, in two cases (Normal) and (Controlled DG), and for four steps of load values. We concluded the following:
Results
Voltage Deviation % of Busbars
1.
For busbar No.1: Voltage deviation percentage in the (Normal) case ranges between 1.7% and 2.7% whereas, in the (Controlled DG) case, the range is between 0.3% and 0.5%. Moreover, we observed that the controller was able to maintain the voltage values to within a very narrow range of change (only 0.2%) during the ascent of load values, whereas the range in the (Normal) case is 1%.
2.
For busbars No. 2,3,4,5, and 6: The voltage deviation percentage attitude is similar to that for bus No.1, but with different values and ranges whereby all values of the voltage deviation percentage, and change ranges of it, are noticeably smaller and narrower for the (Controlled DG) case compared to (Normal) case.
3.
We also noticed that the highest voltage deviation percentages are for bus bar No. 5 and 6 because these busbars are radial and connected to radial branches of the mesh grid, so they obtain power through one transmission line. For these busbars, the voltage deviation percentage reaches over 10% in the (Normal) case, which is the maximum allowed limit of voltage deviation percentage.
4.
Although there is a high voltage deviation percentage for busbars No. 5 and 6, the controller was able to decrease it remarkably, up to 5.5% for busbar No. 5 and 3.5% for busbar No. 6, even for the highest load value.
5.
The percentage values of voltage deviation are smaller, the change ranges are narrower, and the controller is more efficient for busbars 1,2 and 6. This is due to the fact that they are closer to the DG units and the power sources G1 and G2. Figure 6g and Table A4 illustrate the voltage deviation percentages for all buses in the two cases (Normal) and (Controlled DG). For four steps of load values, we can notice the significant impact of the controller in decreasing the voltage deviation percentages and thus improving voltage quality and profile. Figure 6 shows the percentage of voltage deviation for each busbar, 1,2,3,4,5, and 6, in two cases (Normal) and (Controlled DG), and for four steps of load values. We concluded the following: 1. For busbar No.1: Voltage deviation percentage in the (Normal) case ranges between 1.7% and 2.7% whereas, in the (Controlled DG) case, the range is between 0.3% and 0.5%. Moreover, we observed that the controller was able to maintain the voltage values to within a very narrow range of change (only 0.2%) during the ascent of load values, whereas the range in the (Normal) case is 1%. 2. For busbars No. 2,3,4,5, and 6: The voltage deviation percentage attitude is similar to that for bus No.1, but with different values and ranges whereby all values of the voltage deviation percentage, and change ranges of it, are noticeably smaller and narrower for the (Controlled DG) case compared to (Normal) case. 3. We also noticed that the highest voltage deviation percentages are for bus bar No. 5 and 6 because these busbars are radial and connected to radial branches of the mesh grid, so they obtain power through one transmission line. For these busbars, the voltage deviation percentage reaches over 10% in the (Normal) case, which is the maximum allowed limit of voltage deviation percentage. 4. Although there is a high voltage deviation percentage for busbars No. 5 and 6, the controller was able to decrease it remarkably, up to 5.5% for busbar No. 5 and 3.5% for busbar No. 6, even for the highest load value. 5. The percentage values of voltage deviation are smaller, the change ranges are narrower, and the controller is more efficient for busbars 1,2 and 6. This is due to the fact that they are closer to the DG units and the power sources G1 and G2. Figure 6g and Table A4 illustrate the voltage deviation percentages for all buses in the two cases (Normal) and (Controlled DG). For four steps of load values, we can notice the significant impact of the controller in decreasing the voltage deviation percentages and thus improving voltage quality and profile. Figure 7 and Table A5 show the percentage values of the sending voltage deviation for all transmission lines in both cases (Normal and Controlled DG) and for four steps of load values. It is obvious that the lowest percentage values of voltage deviations are for lines 0-1 and 0-2 as they are the closest lines to busbar 0 which is the slack bus. Further, voltage deviations for lines 1-2 and 1-4 are relatively low because they are located between two DG units. We can also notice that the highest percentage values of voltage deviations are for lines 3-5, 3-4, 2-3, and 4-6 because they are the farthest lines from the slack bus and main generators G1 and G2. In addition to that, lines 3-5 and 4-6 are radial branches. In fact, the most important thing in these results is that the impact of the DG unit's controller is still clear as it was able to decrease the percentage values of voltage deviations significantly, even for the farthest and radial transmission lines like 3-5, 3-4, and 4-6. For lines 3-5, the highest voltage deviation in the (Normal) case is about 10%, while for the (Controlled DG) case, it decreases to less than 4%. Figure 7 and Table A5 show the percentage values of the sending voltage deviation for all transmission lines in both cases (Normal and Controlled DG) and for four steps of load values. It is obvious that the lowest percentage values of voltage deviations are for lines 0-1 and 0-2 as they are the closest lines to busbar 0 which is the slack bus. Further, voltage deviations for lines 1-2 and 1-4 are relatively low because they are located between two DG units. We can also notice that the highest percentage values of voltage deviations are for lines 3-5, 3-4, 2-3, and 4-6 because they are the farthest lines from the slack bus and main generators G1 and G2. In addition to that, lines 3-5 and 4-6 are radial branches. In fact, the most important thing in these results is that the impact of the DG unit's controller is still clear as it was able to decrease the percentage values of voltage deviations significantly, even for the farthest and radial transmission lines like 3-5, 3-4, and 4-6. For lines 3-5, the highest voltage deviation in the (Normal) case is about 10%, while for the (Controlled DG) case, it decreases to less than 4%. 
Voltage Deviation % of Busbars
Sending Voltage Deviation % of Transmission Lines
Receiving Voltage Deviation % of Transmission Lines
In Figure 8 and Table A6 , we can see the percentage values of receiving voltage deviation for all transmission lines in both cases (Normal and Controlled DG) and for four steps of load values. In general, the results of sending and receiving voltage deviation are similar to each other, but with some differences in which the voltage deviations are higher for all lines because these values are for the receiving ends. The impact of the DG unit's controller is still obvious for all transmission lines even for the highest step of line 3-5 where it was able to reduce the voltage deviation from 11.2% to about 5.5%. 
In Figure 8 and Table A6 , we can see the percentage values of receiving voltage deviation for all transmission lines in both cases (Normal and Controlled DG) and for four steps of load values. In general, the results of sending and receiving voltage deviation are similar to each other, but with some differences in which the voltage deviations are higher for all lines because these values are for the receiving ends. The impact of the DG unit's controller is still obvious for all transmission lines even for the highest step of line 3-5 where it was able to reduce the voltage deviation from 11.2% to about 5.5%. Figure 9 and Table A7 show voltage drop percentage values for all transmission lines in both cases (Normal and Controlled DG) and for four steps of load values. The most noticeable impact of the DGs unit's controller is for lines 0-1, 0-2, 1-2, and 1-4, as these lines are located between two DG units or one DG unit and the slack bus. Despite this, we can notice that the voltage drop for lines 3-5 and 4-6 in the (Controlled DG) case is slightly higher than (Normal) case and relatively higher for line 3-4-but this does not mean that the (Controlled DG) case for these lines is worse than the (Normal) case because these differences between voltage drop values in the two cases are due to the differences in the improvements of sending and receiving voltage values for these lines, where the controller improves the sending voltage more than receiving voltage. For example, for line 3-4, step 4, the sending voltage was 60.467 kV in the (Normal) case and it becomes 65.074 kV in the (Controlled DG) case with an improving value (4.607 kV), whereas the receiving voltage was 59.576 kV in the (Normal) case and it became 63.432 kV, so the improving value is 3.956 kV. Figure 9 and Table A7 show voltage drop percentage values for all transmission lines in both cases (Normal and Controlled DG) and for four steps of load values. The most noticeable impact of the DGs unit's controller is for lines 0-1, 0-2, 1-2, and 1-4, as these lines are located between two DG units or one DG unit and the slack bus. Despite this, we can notice that the voltage drop for lines 3-5 and 4-6 in the (Controlled DG) case is slightly higher than (Normal) case and relatively higher for line 3-4-but this does not mean that the (Controlled DG) case for these lines is worse than the (Normal) case because these differences between voltage drop values in the two cases are due to the differences in the improvements of sending and receiving voltage values for these lines, where the controller improves the sending voltage more than receiving voltage. For example, for line 3-4, step 4, the sending voltage was 60.467 kV in the (Normal) case and it becomes 65.074 kV in the (Controlled DG) case with an improving value (4.607 kV), whereas the receiving voltage was 59.576 kV in the (Normal) case and it became 63.432 kV, so the improving value is 3.956 kV. 
Voltage Drop % of Transmission Lines
Sending cos(φ) of Transmission Lines
In Figure 10 and Table A8 , we can see the sending cos(φ) values for all transmission lines in both cases (Normal) and (Controlled DG) and for four steps of load values. We can notice the considerable influence of the DG unit's controller compared with the (Normal) case specifically for lines 0-2, 1-2, 1-4, and 0-1 where the sending cos(φ) values are remarkably better than the (Normal) case, also very close to 1, and the change's range during the ascending process of the load is very narrow. For example: cos(φ) values for line 0-2 ranges between 0.928 and 0.952 in the (Normal) case, while in the (Controlled DG) case, all the values are about 0.998. The great improvement of cos(φ) values for these lines is due to the fact that all of them are located between two DG units, or between a DG unit and the slack bus. For the rest of the lines, we can notice that the sending cos(φ) values are relatively close to each other. 
Sending cos(ϕ) of Transmission Lines
In Figure 10 and Table A8 , we can see the sending cos(ϕ) values for all transmission lines in both cases (Normal) and (Controlled DG) and for four steps of load values. We can notice the considerable influence of the DG unit's controller compared with the (Normal) case specifically for lines 0-2, 1-2, 1-4, and 0-1 where the sending cos(ϕ) values are remarkably better than the (Normal) case, also very close to 1, and the change's range during the ascending process of the load is very narrow. For example: cos(ϕ) values for line 0-2 ranges between 0.928 and 0.952 in the (Normal) case, while in the (Controlled DG) case, all the values are about 0.998. The great improvement of cos(ϕ) values for these lines is due to the fact that all of them are located between two DG units, or between a DG unit and the slack bus. For the rest of the lines, we can notice that the sending cos(ϕ) values are relatively close to each other. Figure 11 and Table A9 show the receiving cos(φ) values for all transmission lines in both cases (Normal and Controlled DG) and for four steps of load values. The results for the receiving end are similar to the sending end where we can observe the same improvements of receiving cos(φ) for the same lines 0-2, 1-2, 1-4, and 0-1 but the range is relatively wider and the values are relatively lower than sending end results. For the remaining lines, the results are also close to each other for both cases, except line 3-4 where the receiving cos(φ) values for the Controlled DG case are better than the Normal case. Figure 11 and Table A9 show the receiving cos(ϕ) values for all transmission lines in both cases (Normal and Controlled DG) and for four steps of load values. The results for the receiving end are similar to the sending end where we can observe the same improvements of receiving cos(ϕ) for the same lines 0-2, 1-2, 1-4, and 0-1 but the range is relatively wider and the values are relatively lower than sending end results. For the remaining lines, the results are also close to each other for both cases, except line 3-4 where the receiving cos(ϕ) values for the Controlled DG case are better than the Normal case. Figure 11 and Table A9 show the receiving cos(φ) values for all transmission lines in both cases (Normal and Controlled DG) and for four steps of load values. The results for the receiving end are similar to the sending end where we can observe the same improvements of receiving cos(φ) for the same lines 0-2, 1-2, 1-4, and 0-1 but the range is relatively wider and the values are relatively lower than sending end results. For the remaining lines, the results are also close to each other for both cases, except line 3-4 where the receiving cos(φ) values for the Controlled DG case are better than the Normal case. 
Receiving cos(φ) of Transmission Lines
Receiving cos(ϕ) of Transmission Lines
Receiving cos(φ) of Transmission Lines
Conclusions
The results obtained from this research show that the proposed control method is efficient at improving the voltage quality and power factor for mesh grids where we had significant improvements in the voltage variation for busbars, the variation of sending and receiving voltage, voltage drop, sending and receiving cos(ϕ). Using this method, we reduced voltage drops and, therefore, the power losses and the costs have been reduced too. Moreover, the power flow through the lines has been reduced, which allows us to add new loads or to extend the distribution system. Also, we can conclude that it is important to use the admittance values between DG units and loads in order to coordinate the share of DG units in reactive power generation to maximize the benefits for all busbars and lines. Moreover, it is noticeable that the controller was efficient even for the busbars which are connected to the radial transmission lines. Despite the fact that the improvements made in the voltage quality and power factor were more noticeable for the busbars and lines connected to the DG units, we had significant positive impacts on the remaining busbars and lines. The enormous advantage of this controller is that it uses admittance and voltage variation values as inputs, which make it very efficient when we have load changes, faults, or any other unexpected case. Therefore, we obtain a better voltage quality and power factor in every case. Further, we can conclude the importance of DG units in improving the reliability of the electrical grid and improving the power quality of it. This research can be used to design the control system of DG units, especially when we have many DG units in a small area. It could also be used as the core of a technique which is suitable to be used by distributed systems operators of radial, loop, and mesh grids. Table A4 . Voltage values of busbars for all steps and both cases (kV).
Bus No. Normal Case Controlled DG Case
Step 1
Step 2
Step 3
Step 4
Step 4  Table A6 .
Receiving voltage values of lines for all steps and both cases (kV).
Line No. Normal Case Controlled DG Case
Step 4  Table A7 . Voltage drop values of lines for all steps and both cases (kV).
Step 4 
